Events characterised by large hadronic energy and transverse momentum are selected from the data collected by the L3 detector at LEP at centreof-mass energies between 161 and 172 GeV, corresponding to an integrated luminosity of 21 pb ?1 . The visible mass and the missing mass distributions of the selected events are consistent with those expected from Standard Model processes. This result is combined with that from data taken at the Z resonance to set an upper limit on the production rate and decay into invisible nal states of a non-minimal Higgs boson, as a function of the Higgs mass. Assuming the non-minimal Higgs production cross section to be the same as for the Standard Model Higgs boson and the decay branching fraction into invisible nal states to be 100%, a Higgs mass lower limit of 69.6 GeV is derived at 95% con dence level.
Introduction
However, at present centre-of-mass energies, the Z boson is produced almost at rest, thus for invisibly decaying Higgs events the visible energy and visible mass are close to the Z mass, independently of the Higgs mass. This is not the case for Standard Model Higgs events, where the visible energy and visible masses are generally below the Z mass (in the Higgs mass range investigated at present energies), and depend upon the Higgs mass. Furthermore, b-tagging is not as e cient in selecting invisibly decaying Higgs events as in the Standard Model Higgs search, since only about 15% of the total number of Higgs events will contain a b b pair (from the Z) as compared to about 87% of the total Standard Model Higgs events. Thus the analysis is based only on kinematic cuts and does not make use of b-tagging.
Hadronic events with large visible energy and momentum also originate from Standard Model processes, such as quark pair production (e + e ? !( )) and four-fermion production, involving charged gauge boson exchange (W + W ? and We production) and neutral gauge boson exchange (Z= Z= and Zee production). The missing energy and momentum in these events is either genuine (e.g. in W + W ? events, when one W decays into lepton+neutrino) or results from energy mis-measurement and incomplete detector coverage. The most important sources of background in this search are( ), W + W ? and We events. The rst two have a relatively large production cross section (129 pb and 12.3 pb respectively for( ) and W + W ? cross sections at 172 GeV), while the third, despite its relatively small production cross section (0.35 and 0.45 pb at 161 and 172 GeV respectively), gives a relatively large contribution in the same kinematic region as the Higgs signal.
Event selection
First we select hadronic events with large visible energy, small longitudinal imbalance, and small energy in the forward calorimeters to suppress the two-photon contribution e + e ? ! e + e ?and reduce the( ) contribution, when the photon is in the forward region of the detector or escapes in the beam pipe. Then we apply additional requirements to further reduce the( ) and W + W ? contributions and select events with visible energy, momentum and mass consistent with a Z decaying into hadrons and recoiling against undetected particle. The quantities used in the selection are as follows: number of tracks, N T ; number of calorimetric clusters, N C ; the visible energy, E vis = p s; longitudinal and transverse imbalances, jP k j=E vis and P ? =E vis , respectively; the total energy deposition in the electromagnetic calorimeter, E em ; energy deposition in the luminosity monitor, E v4 ; energy deposition in the forward lead-scintillator calorimeter, E v8 ; the relative energy in a cone of 30 around the beam direction, E v30 =E vis ; the larger of the two jet masses, max(M j1 ; M j2 ), when the event is forced into two jets using DURHAM algorithm 14]; the sum of the angles between the jets, 123 , when the event is forced into three jets using the DURHAM algorithm; the energy deposition in 25 of the missing momentum direction in the plane transverse to the beam, E ? 25 ; the number of high energy isolated leptons, N i`, i.e. leptons (e; ; ) with energy E`> 5 GeV and isolation I`< 1 GeV, where I`is the energy deposition in the region between 10 and 30 half opening angle around the lepton direction.
The The selection progressively reduces the( ) contribution and to a lesser extent the W + W ? and We contributions. The most e ective requirements to reduce the latter are the jet mass cut (cut 5), the 123 angle cut (cut 6), the absence of isolated high energy leptons and the isolation of the missing energy (cut 8). The jet mass cut and the 123 angle cut, in particular, are very e ective at reducing the W + W ? contribution when one W decays hadronically and the other into a neutrino plus a tau. If the tau is not identi ed, it is included in one of the two jets when the event is reconstructed into two jets. Thus one of the two jet masses is high compared to genuine two-jet events. Similarly, when theevent is reconstructed into three jets it is likely to have a value of 123 larger than for a genuine two-jet event.
The number of events observed, after sequentially applying the selection cuts, compared to the expected Standard Model contributions, is shown in Fig. 2 . Good agreement between the data and the Standard Model expectation is found in the subsequent steps of the selection. For comparison, the number of events expected for two invisible Higgs masses, assuming Standard Model Higgs production cross section and 100% decay branching fraction into invisible particles, is also given in Fig. 2 .
In Fig. 3 Model processes: 81% from, 13% from W + W ? , and 6% from Zee, Z= Z= and We production. At this stage of the selection, the Higgs signal e ciency is 63% for a 65 GeV Higgs at p s=161 GeV and 62% for a 70 GeV Higgs at p s=172 GeV.
For the Higgs events, the visible mass is centered about the Z mass, with a Z mass resolution Z of about 9 GeV, and the missing mass is centered about the Higgs mass, with a resolution which ranges from 15 to 12 GeV for Higgs masses between 60 and 70 GeV at p s = 172 GeV. A better resolution in the Higgs mass is obtained by imposing the constraint that the visible energy and momentum comes from the Z decay, and determining the Higgs energy from rescaling the measured missing energy, imposing total energy and momentum constraints. Table  2 ), and the error on the selection e ciency. The latter is mainly due to energy calibration uncertainties and it has been estimated by repeating the analysis with the global energy scale changed by 3% and the energy scales of the individual subdetectors by 5 % 2]. Thus, a total error of about 10% is estimated to a ect the Standard Model expectation.
E ciencies to select e + e ? ! Zh events, with Z !and h ! invisible particles, at p s =161 and 172 GeV, are given in Table 3 for several Higgs masses. The total error a ecting these e ciencies is at most 4%, including both the e ect of the limited Monte Carlo statistics (contributing up to 2%) and that of the energy calibration uncertainties (contributing between 2.5 and 3.5%, depending on the Higgs mass).
Since no signal is observed an upper limit is set on the invisible decay rate of a non- Table 3 : E ciencies, Zh , and corresponding number of expected events, N, after selection, for the Zh signal, assuming the Zh production cross section to be the same as for the Standard Model Higgs and decay branching fraction into invisible particles to be 100%. The e ciencies for p s =161-172 GeV are a ected by a 4% total uncertainty and for LEP1 they are a ected by a 3% total uncertainy. minimal Higgs boson. The limit is derived from the present results combined with the L3 results from LEP1 17]. No invisibly decaying Higgs candidates were selected from the data collected at the Z resonance. The signal e ciencies at p s t 91 GeV are reported in Table 3 . The total error a ecting these e ciencies is 3%. The number of signal events expected at the three center-of-mass energies, calculated assuming the Zh production crosssection to be the same as for the Standard Model Higgs boson and the branching fraction into invisible nal states to be 100%, is also given in Table 3 .
A con dence level calculation, which includes the errors on signal and background expectations, is done according to the method proposed in Ref. 16] . The M rh distributions (see Fig. 4 (c) and (f)) for the data, the Standard Model background and the Higgs signal, for several Higgs mass values, are used in the calculation of the con dence level. Combining the 161-172 GeV results with those from LEP1, a lower limit (Fig. 5(a) ) is set on the mass of an invisibly decaying Higgs boson at 95% con dence level m h > 69:6 GeV; assuming that the Higgs production cross section (Zh) is the same as for the Standard Model Higgs and the Higgs branching fraction into invisible particles, BR(h ! invisible particles), is 100%.
The e + e ? ! Zh production cross section and the branching fraction into visible and invisible nal states of a non-minimal Higgs boson h are model dependent. Thus we set an experimental upper limit on the rate of invisible Higgs nal states, relative to the Standard Model Higgs rate, R inv = (Zh)BR(h ! invisible particles)= (ZH SM ), as a function of the Higgs mass. This limit, which can be used to bound the parameter space of the di erent models predicting invisible Higgs decays, is shown in Fig. 5 
(b) for Higgs masses above 50
Gev, where the 161-172 GeV results improve the LEP1 limit on R inv . The hatched area in Fig. 5(b) is excluded at 95% con dence level.
In conclusion, these results improve on those obtained in previous analyses at LEP1 17, 18, 19] 
